. 4&‘- P :

R

FACILITY FORM o008

m&;-:zoﬁo-gug -

A

. . . LIbTETY

we~ i

=

@fﬁé AN

(HASA CR OR TMX OR AD NUMBER) {CATEGORY)

0

HYDROGEN-0XYCEN ELECTROLYTIC REGENERATIVE FUEL CFLLS
Prepared for

National Aeronautics and Space Acministration
Western Operations Office

150 Pico Boulevard

Santa Monica, California

Contract NAS 1-2781

EOS Report 4110-M-3 11 November 1963

GPO PRICE $

y
' Western 096'&“0“‘ Office

OTS PRICE(S) §

P*‘epa red by

Hard copy (Hc))g/ / /(Z)

’i
owl( t tc

Microfiche (MF) ‘ ﬁ/j

Iolm J.
Project Supervisor

Approved by

-

E. Findl, Manager
Chemical and Fluid Systems Department

ELECTRO-OPTICAL SYSTEMS,INC,, PASADENA, CALIFORNIA



CONTENTS

1. INTRODUCTION

2. FINAL FUEL CELL DESIGN

3. INSTRUMENTATION

4, SINCLE CELL PERFORMANCE STUDIES

5, FUTURE PLANS

G. MAKIOURS AND DOLLAR EXPENDITURES

4110-M-3 i

Paype

>

6



ILLUSTRATIONS

Page
1 Fucl Cell Batiery, Complete Assembly 3
2 Separator Construction 4
3 Oxygen End Plate 5

4110-M-3 i1




1. INTRODUCTION

The completion of the design for the prototype fuel cfll was
accomplished during the past month, The tentative designs shown
in the recent quarterly progress report were wodified in certain
respects as the rcsult of a complete stress analysis. Fabrication
of the fuel cell battery assembly will be started within a few days.

Single ccll testing has been confincd to characterizing total
cell pelarization while operating under conditions of charpe and
discharge corresponding to the 750 nautical mile orbit.

Instrumentation for the orbital simulation is being assembled,
Discharge will be through a fixed resistance; charging will be
accomplished with a constant current power supply., A charging rate
slightly in excess of that necessary to replenish the reactant gases
consumed during the discharge phase will be used, The charging
current will be stopped by a pressure sensing switch at a preselected

pressure when the cell stack has reached full charge.

4110-M-3 1



2. FINAL FUEL CELL DESIGN

Some minor modifications have been made to the design shown
in the first quarterly report. It will be noticed in Fig., 1 that
a larger radius has been used for the end caps of the outer casing,
A stress analysis showed this to be necessary, and in addition the
thickness ot the ciasing {lange had to be increased, The waterials
indicated in the quarterly report have 1l been retained.
s::mpticms CCT.C(‘.:T;TL"‘LB C;pi-l‘dlln); condiitions wad vharaciers
istics were mace for the purpose of the stress snalysis, These are
(1) maximum working pressure is 400 psia, (2) test pressure for the
casing is 600 psia, and (3) the cowpression on the asbestos is 80U psi.
The compressive forces on the asbestos are determined by the spacing
between the electrodes and the original asbestos thickness. The
pressure necessary to compress 70 mil ashbestos containing ©.7 gm
of electrolyte/gm ot asbestos to 40 mils (the spacing used in the
present model) is originally 3300 psi. lowever, if the asbestos is
first saturaﬁ;d with water, compresscd to 40 mils, and then dried, it
will expand back to about 49 mils and the pressurce reguired to return
it to 40 mils, with clectrolyte, is now only 1100 psi. 1f the pre-
compression is taken to 35 mils, it has been found that on drying the
asbestos expands (o about &6 mils and now it can be returned to 40 mils
with a pressure of only 625 psi.

Fig. 2 shows the present sepavator design. Fig. 3 shows the
oxygen vnd plute assembly containing sgoruge rpace for the stearic

acid. This design remains unchanged.

4110-M-3 2
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3., INSTRUMENTATION

A constant-current/constant voltage power supply will be used
for the charging phase of cach cycle. For a discharge at 19 amps,
a charging current of 9.5 amps would be indicated if the fuel cell

battery were running with 100 percent curvent efficicncy. Boecause

the current efficiency is less than 100 percent, and since the discharge

current will very likely deviate from 19 amps, the charging rate will
be about 1C amps. This means that the pressure will build up ro the
design pressure shortly before the end of the sunlight period in the
750 nautical mile orbit. A pressurc sensing switch will stop the
charging at the desired pressure level, {.e., 400 psia.

Discharge will be accomplished through a resistive load. Outpug
current should remain relatively constant Juring most of the discharge
period. Cycling will be accomplished by means of an Industrial Timing
Corp. Model B continuous cycling timer.

Recording instrumentation is being assembled. 1t is presently
assumed that a multi point strip chart rccorder will be used to

monitor the performance parawcters.




4. SINGCLE CELL PERFORMANCE STUDIES

Saveral performance studies were made during the month with a
single ccll having 2 1/4 inch diameter electrodes. The charging and
discharging of the cell were done in a manner which corresponded in
most respects to the way in which the complete fuel cell battery will
be operated. The cell was charged and discharged at 70°C. The
charging pressure was slightly above atmospheric, and the discharge
pressurc was 115 psia. After assewbly tiw cell was charged for 70
minutes at 53 ma/cmz, and then discharged 37.5 minutes at 104 mu/cmz.
These current densities correspond rather closely to the rates which
will be used in the final unit.

The mid-point oi the discharge curve was found to be about 0.75
volt. This is somcwhat lower than the valuc (approximately (.85 volt)
which was indicated by previous polarization data, and assumed during
the analytical phasc. Subsequent cxuperiments indicated partial flood-
iug of the oxygen clectrode to be the cause of poorer than anticipated
performance. Improved polarization curves can be attained by provid-
ing a slight (approrimately 0.5 psi) pressure differential across the
cell with the oxygen on the high pressure side. The present single
cell studies have been made with the pressures balanced.

The charge polarization characteristics are; however, slightly
better than those assumed in the analysis., The assumed polarization
curve indicated a charging voltage of 1.535 volts, whereas the midpoint
of the charging curves in these recent.experiments has been about

1.50 volts.
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5. FUTURE PLANS

During the coming month the components for the final assembly
will be built. Upon completion of thesc components the muagnesiunm
separators will be plated and initial testing will begin. These
initial tests will be with a single cell in the system and finally
the complete unit will be tested,

~v » oo v
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MANHOURS AND DOLLAR EXFENDITURES FOR TERICH 28 BET 20 LT 1247
Direct labor hours 585
Direct labor dollars $2,701.25
Purchases and commitments $ 223.26
Total expenditures $6,780.29
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